The presence of a stratospheric haze layer may produce increases in both the actinic flux and the irradiance below this layer. Such haze layers result from the injection of aerosol-forming material into the stratosphere byvolcanic eruptions. Simple heuristic arguments show that the increase in flux below the haze layer, relative to a clear sky case, is a consequence of "photon trapping. Consider a stratospheric H2SO4 aerosol layer formed by a volcanic eruption. This can be modeled as a nearly conservatively scattering layer in a Rayleigh-scattering atmosphere (layer B in Figure 1 ). Intuition suggests that the introduction of the scattering would lead to an increase in the actinic flux above the aerosol layer (region A in Figure 1 ) due to back scattering, or within the aerosol layer (region B) due to multiple scattering. However, we might not expect increases in the actinic flux beneath the aerosol layer (region C), for the following reasons. In region C there is additional actinic flux due to multiple scattering by the aerosol layer B, but we can argue that this flux is originally in the direct solar beam. It has been removed by layer B, which redistributes the radiation into the backward direction (region A) and the forward direction (region C). Therefore it follows that the sum of the attenuated direct solar flux and the diffuse actinic flux in region C should not exceed the original actinic flux when the aerosol layer is absent. We might also anticipate that the absolute value of the irradiance would decrease at the surface with the introduction of the aerosol layer, reflecting the loss to space of backscattered photons. (In this paper, variation of the irradiance or its components will be discussed always with regard to absolute values.)
where/• is the cosine of the angle between •2 and the zenith. The irradiance is needed for calculations of radiative heating of the atmosphere. Madronich [1987] considers the perturbation of the actinic flux inside and below optically thick clouds composed of conservative scatterers. He uses two approximate methods, two-stream and delta Eddington. The impact of clouds on the irradiance is examined by Shettle and Weinman [1970] , who utilize the Eddington approximation. We will discuss a more accurate method for calculating the actinic flux and irradiance in a vertically inhomogeneous atmosphere with anisotropic, nonconservative scatterers. We will show that the introduction of an aerosol layer into a Rayleigh-scattering atmosphere can produce changes in the actinic flux and/or irradiance that are nonintuitive.
Consider a stratospheric H2SO4 aerosol layer formed by a volcanic eruption. This can be modeled as a nearly conservatively scattering layer in a Rayleigh-scattering atmosphere (layer B in Figure 1 ). Intuition suggests that the introduction of the scattering would lead to an increase in the actinic flux above the aerosol layer (region A in Figure 1 ) due to back scattering, or within the aerosol layer (region B) due to multiple scattering. However, we might not expect increases in the actinic flux beneath the aerosol layer (region C), for the following reasons. In region C there is additional actinic flux due to multiple scattering by the aerosol layer B, but we can argue that this flux is originally in the direct solar beam. It has been removed by layer B, which redistributes the radiation into the backward direction (region A) and the forward direction (region C). Therefore it follows that the sum of the attenuated direct solar flux and the diffuse actinic flux in region C should not exceed the original actinic flux when the aerosol layer is absent. We might also anticipate that the absolute value of the irradiance would decrease at the surface with the introduction of the aerosol layer, reflecting the loss to space of backscattered photons. (In this paper, variation of the irradiance or its components will be discussed always with regard to absolute values.)
We will show, however, that under certain circumstances the actinic flux below the aerosol layer can increase without violating conservation of photons and under special conditions the irradiance also can increase below the aerosol layer, with respect to the clear sky situation. Our new radiative transfer model is described and utilized to explore the effects of aerosols. is similar to that in the "transfer matrix method" [Lenoble, 1985] . However, the latter is an exact analytic method which employs singular eigenfunctions and is applicable only to homogeneous layers. Our method is probably not different in principle from the method of discrete coordinates [Liou, 1975 It is interesting to note that (20) implies that the actinic flux will increase with decreasing altitude from the top of the atmosphere, through the aerosol layer, to the surface. Our model calculations do show this trend. However, in the absence of a source of radiation internal to the atmosphere, the irradiance to be discussed in the next section cannot increase with decreasing altitude (although the downward irradiance might) because it is subject to the constraints of energy conservation. Madronich [1987] discusses the change in actinic flux due to the presence of optically thick clouds composed of nonabsorbing, large particles, which are highly forward scattering (g = 0.875). This is more applicable to the consialerations of the impact of tropospheric water clouds. We repeated Table  A1 , --33% at g = 0.5 and b = 32 (the largest optical depth in a nonisotropic case that is calculated by van de Hulst [1980] , was easily reduced to 1-2% by an increase in the density of optical depth grid points between 2and 32. In summary, we feel our model overall is sufficiently accurate for practical atmospheric calculations.
